Theories about the aetiology of schizophrenia continue to develop. It is likely to be multifactorial with genetic and environmental factors interacting or acting alone to increase the individual's risk for developing schizophrenia. At the beginning of the 20th century there was considerable interest in a possible link between ear disease and insanity. Bryant 1 wrote a review citing authors from as early as 1890 who thought that ear disease itself could cause insanity and even secondary dementia. Amberg 2 suggested that the proximity of the ear to the brain was of signal importance and Toubert 3 believed that 'a suppurating ear is a permanent source of irritation for the brain'. Robinson 4 reported rates of ear disease in 66% of 200 certified insane people.
decreased left parahippocampal width 10 and ventricular enlargement limited to the left temporal horn 11 in people with schizophrenia. It is known that in severe otitis media and mastoiditis spread of infection can occur intracranially through the temporal bone, 12, 13 which would support the hypotheses cited by Bryant. hand non-inverted, 15 suggesting right cerebral dominance. Electroencephalogram revealed runs of abnormally slow activity with focusing in the right temporal region and a skull X-ray demonstrated a communication between the middle ear and middle cranial cavity.
Mason & Winton 14 conducted a case-control study of middleear disease in schizophrenia which was based on general practice notes. They found an odds ratio of middle-ear disease in schizophrenia (pre-dating the onset of schizophrenia) of 2.29 (95% CI 1.11-4.71) when compared with non-psychiatric controls.
The aim of the current study was to replicate the case-control study of Mason & Winton 14 using improved methodology to determine the relative risk of middle-ear disease pre-dating the onset of schizophrenia. Additional data were collected to determine presence of deafness and conductive hearing loss in those with schizophrenia and their relationship, if any, to certain symptoms. Our hypothesis was that there would be a higher rate of middle-ear disease pre-dating the onset of schizophrenia than in non-psychiatric controls.
Method Sample
All patients with a likely diagnosis of schizophrenia in contact with general practitioners in a defined catchment area within West Lancashire were identified (n=99). Power analysis to achieve a power of 80% and a significance level of 5% was based on a prevalence rate of middle-ear disease of 50% 16 and an estimated odds ratio of 2.5. Four controls (total n=396) were needed for each case. They were selected from each case's general practice on the basis of same gender and nearest date of birth. This was to match for gender and age and to limit the effects of seasonality, since an excess of winter births has been proposed as an aetiological factor in schizophrenia. 17 Social class could not easily be controlled for but the effects of this were reduced by selecting the controls from the same general practice as their respective case
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Middle-ear disease and schizophrenia: case-control study Peter Mason, Michael Rimmer, Anna Richman, Gagan Garg, Joe Johnson and Patricia G. Mottram Background One hundred years ago psychiatrists thought that ear disease could cause insanity by irritation of the brain. Current understanding of the role of the temporal lobes in schizophrenia and their proximity to the middle ear supports this hypothesis.
Aims
To establish the rate of middle-ear disease pre-dating the onset of schizophrenia.
Method
Eighty-four patients with schizophrenia were each matched to four non-psychiatric controls by age, gender and season of birth. History of ear disease was obtained from general practice records. Additional information on symptoms was collected for participants in the case group, who also had audiometry.
Results
The odds ratio of recorded middle-ear disease pre-dating schizophrenia was 3.68 (95% CI 1.86-7.28). This excess was particularly marked on the left (OR=4.15, 95% CI 2.08-8.29). Auditory hallucinations were associated with middle-ear disease but not with hearing loss.
Conclusions
There is an association between middle-ear disease and schizophrenia which may have aetiological significance.
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partners. Middle-ear disease 18 and schizophrenia 19 are more common in lower social classes.
Controls with mental illness were excluded to eliminate other mental illnesses as potential confounding factors and controls with incomplete general practice records were also excluded. For each control excluded an additional control was chosen on the basis of the next nearest date of birth to their respective case partner.
Data collection
History and age at onset of ear pathology was recorded verbatim from the general practice records of all participants by M.R. and G.G. Ear disease was rated as 'middle-ear disease' (otitis media, chronic suppurative otitis media and mastoiditis) or 'other ear disease' (otitis externa, wax and foreign bodies) by P.M., who was masked to the case/control status of the individual. Ambivalent cases (red drum, otalgia and otorrhoea) were rated as other ear disease.
The consistency of the verbatim accounts recorded by M.R. and G.G. was checked in a reliability study. P.M. rated the presence or absence of middle-ear disease and other ear disease on 74 randomly selected individuals.
The following additional information was collected for participants from their psychiatric case notes and at interview: family history of schizophrenia in a first-degree relative, age and acuteness at onset of schizophrenia, presence or absence of brain damage, and obstetric complications at birth. Symptoms ever experienced were collected from individuals at interview and from their psychiatric case notes using the Syndrome Checklist of the Present State Examination, 9th edition. 20 An ICD-10 diagnosis of schizophrenia was then made using the Diagnostic Criteria for Research DCR-10. 21 Participants in the case group were questioned about their hearing and memories of ear disease. They were invited to have their hearing examined using Rinne's and Weber's tests and a portable audiometer (after removal of wax). The presence or absence of a hearing deficit was recorded for each person. An estimation of cerebral dominance was achieved using the Edinburgh Handedness Inventory 22 and hand-writing position. 15 Social class according to the Registrar General's classification of the family of origin of individuals in the case group was also obtained. Information about social class was not available for the controls, as this information is generally not recorded in general practice notes.
Ethical committee approval for the study was obtained from the local ethics committee and written consent was obtained from participants.
Analyses
The data were analysed with STATA version 9 for Windows using conditional logistic regression (clogit) for each set of data. All odds ratios were calculated with 95% confidence intervals. To keep the case-control match in the analyses, whenever a case was excluded, it was excluded together with its respective controls. Owing to lack of data on social class and symptoms for the control group, conditional regression was not possible for some of the analyses and so chi-squared tests and odds ratios were calculated. For the reliability study, the degree of concordance between P.M. and the investigators M.R. and G.G. were examined using Cohen's kappa with 95% confidence intervals.
Results
Of the 99 people in the case group, 57 men and 27 women met ICD-10 diagnostic criteria for schizophrenia. Seven met ICD-10 criteria for delusional disorder and 8 for schizoaffective disorder. The age range for the case group was 18-66 years (mean=42.56, s.d.=12.68) and the age at onset of schizophrenia ranged from 14 to 51 years (mean=29.00, s.d.=9.33).
The reliability study conducted to check the consistency of the data collection from general practice notes had a concordance (Cohen's kappa) of 0.83 (95% CI 0.72-0.95), which represents a high level of interrater agreement.
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Middle-ear disease and schizophrenia Table 1 shows the rates of middle-ear disease and other ear disease pre-dating the onset of schizophrenia in the case and control groups. For 35 individuals in the case group the quality of the general practice notes was poor with no notes pre-dating the onset of schizophrenia -these 35 case participants and their respective controls were excluded from the analyses. The rate of middle-ear disease pre-dating the onset of schizophrenia is higher in the case group than in controls (OR=3.68, 95% CI 1.86-7.28). Studying the rates of bilateral, right-and left-sided middle-ear disease pre-dating the onset of schizophrenia in the case and control groups reveals a particularly striking increase in the odds ratio to 4.15 (95% CI 2.08-8.29) for left-sided middle-ear disease.
There appears to be an excess of other ear disease in the case group when compared with controls, but this fails to reach statistical significance. There is no such excess evident with respect to the laterality of other ear disease.
Owing to the lack of additional data on controls it was not possible to perform regression analyses to study the relative effects of other potential aetiological factors. However, on repeating the analyses with the exclusion of individuals in the case group (and their respective controls) with other potential aetiological factors such as family history, obstetric complications and brain damage, little difference is seen from the results presented in Table 1 .
The age distribution for the first episode of middle-ear disease pre-dating the onset of schizophrenia in the case group was 1-48 years (mean=15.38, s.d. Of those in the case group, 66 (78.6%) did not appear to have any hearing deficits, 13 (15.5%) had a mild degree of hearing loss and 5 (6.0%) had a marked level of hearing loss. Eighty-one participants in the case group consented to an audiogram. This revealed the presence of conductive deafness in 15 (18.5%), sensorineural deafness in 11 (13.6%) and mixed conductive sensorineural deafness in 3 (3.7%) individuals. Concordance between general practice notes (middle-ear disease) and presence of conductive deafness was low (Cohen's kappa=0.13, 95% CI 0.08-0.35) mainly because most incidences of middle-ear disease did not lead to conductive deafness.
Symptoms collected for the case group using the Syndrome Checklist were analysed to see whether any symptoms correlated with middle-ear disease pre-dating onset of schizophrenia or hearing loss. No statistically significant correlations were found for any of the symptoms with the exception of auditory hallucinations. Table 2 shows the rates of middle-ear disease and rates of hearing loss and the presence of auditory hallucinations. Auditory hallucinations are significantly associated with middle-ear disease pre-dating schizophrenia (OR=6.40, 95% CI 1.19-34.29) and this is particularly striking for middle-ear disease on the side of cerebral dominance (OR=10.00, 95% CI 1.15-86.88). Hearing loss does not appear to be associated with auditory hallucinations. Table 3 shows the social class distribution of those in the case group with and without ear disease pre-dating the onset of schizophrenia. The case group included no one belonging to social classes I (professional), II (managerial and technical) and VI (armed forces). There appears to be an excess of people with middle-ear disease in the lower social classes than those without middle-ear disease. When the data are dichotomised into higher and lower classes (classes IIIN-IV and class V, Table 3 ), this excess fails to reach statistical significance. This is not evident for leftsided middle-ear disease or for other ear disease.
Discussion
The results of Mason & Winton, 14 who found an odds ratio for middle-ear disease pre-dating the onset of schizophrenia of 2.29 (95% CI 1.11-4.71) when compared with controls, have been replicated in this study (OR=3.68, 95% CI 1.86-7.28). The absence of a statistically significant excess of other ear disease pre-dating the onset of schizophrenia suggests that nosocomial factors do not account for this excess of middle-ear disease. However, these analyses do not have adequate statistical power to be confident of a negative finding and there appears to be more other ear disease in those with schizophrenia than in controls.
Social class, which was not a confounding factor in the Mason & Winton study, 14 may contribute to the higher odds ratio of middle-ear disease pre-dating schizophrenia in this study, as we found a relative excess of middle-ear disease in individuals in the case group from lower social classes. Both middle-ear disease 18 and schizophrenia 19 are more common in lower social classes. It was difficult to control for the effects of social class in this study because there was no information on social class for the control group. However, the potential effects of social class were minimised by selecting controls from the same general practices as their case partners. The area of West Lancashire in which this study was based is a fairly uniform area of high socio-economic deprivation, which would again minimise the potential confounding factor of social class.
One would expect the rates of other ear disease to be in excess in the lower social classes as diseases such as otitis externa, like otitis media, are associated with lower socio-economic status. 18 This was not found in this study, suggesting that social class may not be such an important confounding factor.
In addition, no excess of left-sided middle-ear disease was found in participants from lower social classes. The striking excess of left-sided middle-ear disease pre-dating the onset of schizophrenia (OR=4.15, 95% CI 2.07-8.29) is unlikely to be accounted for by nosocomial factors or social class, and is of particular interest given the evidence linking the left temporal lobe with schizophrenia. [8] [9] [10] [11] It is known that in severe otitis media and mastoiditis, spread of infection intracranially can occur through the temporal bone by bone necrosis, congenital dehiscences and fracture lines, as well as through thrombophlebitis or via perivascular sheaths. 12, 13 It is not unreasonable to speculate that severe middle-ear disease may make a person vulnerable to developing schizophrenia later in life, or that middle-ear disease and schizophrenia may share some aetiological factors. It is possible that there is evidence to support the authors cited by Bryant 1 who thought that ear disease itself could cause insanity and even secondary dementia. However, the broad distribution of time between the first recorded episode of middle-ear disease and the onset of schizophrenia (1-41 years) makes it difficult to speculate about potential mechanisms.
If middle-ear disease can predispose to schizophrenia by inflammatory damage to the overlying temporal lobe, then one would expect to see fibrillary gliosis in the post-mortem brains of people with schizophrenia. The lack of gliosis found in schizophrenia 11, [23] [24] [25] [26] has been one of the main arguments in favour of the neurodevelopmental hypothesis of schizophrenia, and it does not support the above hypothesis. However, this absence of gliosis is not a particularly robust finding. Earlier studies [27] [28] [29] all reported an excess of gliosis in schizophrenia, and the later studies have been criticised for using immunochemical methods for detecting gliosis which may lack sensitivity. 30, 31 Analysis of the data excluding other potential aetiological factors (family history, obstetric complications and brain damage) did not replicate the results of Mason & Winton, 14 who found increased rates of middle-ear disease when case participants with other potential aetiological factors were excluded. Those findings were not particularly robust, however, given the small sample sizes, and it is more likely that risk factors for schizophrenia operate cumulatively rather than individually in the aetiology of schizophrenia. In the current study, lack of information for other potential aetiological factors in the control group meant that analytical statistical methods such as regression analyses could not be used to study the relative effect size of different aetiological factors.
Deafness is also a potential link between ear disease and schizophrenia. In particular, certain symptoms such as paranoid delusions [5] [6] [7] and auditory hallucinations 32, 33 have been linked with hearing impairment, and the use of a hearing aid can reduce psychotic symptoms in patients with deafness. 34 The current study does not support these hypotheses, with no statistically significant association found between hearing loss and auditory hallucinations. Although the statistical power of this analysis is low, it is supported in the studies of Howard et al 35 and Almeida et al, 36 who found no association between hearing loss and auditory hallucinations in patients with late paraphrenia. The statistically significant association between middle-ear disease pre-dating the onset of schizophrenia and auditory hallucinations is particularly striking, especially for middle-ear disease on the side of cerebral dominance, adding to the speculation that damage to the overlying temporal lobe may be of aetiological significance.
Methodological issues
The methodology used in the current study has its limitations, in addition to the potential confounding factor of social class. In particular, the quality of general practice notes makes it difficult to operationalise the definitions of middle-ear disease. Ambivalent cases (red drum, otalgia and otorrhoea) were excluded from our definition of middle-ear disease, although in many of these cases middle-ear disease may have been present. The quality of information in the notes made it too difficult to make a rating of severity of middle-ear disease, which would have allowed further statistical analysis. Statistical power is low for a number Other ear disease Present Absent 1 (5) 2 (7) 3 (15) 6 (21) 7 ( of the analyses because complete general practice notes were lacking for 35 people in the case group. All the analyses were repeated using the whole sample. These analyses yielded remarkably similar, statistically significant results, albeit with lower odds ratios. This is all the more remarkable given the study design which was biased in favour of the null hypothesis (controls were excluded if they did not have complete notes and alternative controls were found). Low statistical power is a major drawback for the analyses of symptoms, and clearly these analyses should be repeated on larger samples. Bias did not seem to be a factor influencing these results given the high level of interrater agreement for the data collection from general practice notes. In addition, the presence of middle-ear disease/other ear disease was rated masked to the diagnostic status of the participant.
Conclusion
It appears that there is an association between middle-ear disease and schizophrenia. The previous study of Mason & Winton 14 has been replicated with better methodology, and the association between middle-ear disease and schizophrenia is greater. It is particularly striking that it is left-sided middle-ear disease predating the onset of schizophrenia which has the greatest association, given what is known about the left temporal lobe and schizophrenia. Middle-ear disease may be another aetiolgical factor which increases one's vulnerability to developing schizophrenia. This association is worthy of further research.
